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∗
The possibility of obtaining the initial pure state in a usual Stern-Gerlah experiment through
the reombination of the two emerging beams is investigated. We have extended the previous work
of Englert, Shwinger and Sully [2℄ inluding the utuations of the magneti eld generated by
a properly hosen magnet. As a result we obtained an attenuation fator to the possible revival of
oherene when the beams are perfetly reombined . When the soure of the magneti eld is a
SQUID(superonduting quantum interferene devie) the attenuation fator an be ontrolled by
external iruits and the spin deoherene diretly measured. For the proposed SQUID with dimen-
sions in the sale of mirons the attenuation fator has been shown unimportant when ompared
with the interation time of the spin with the magnet.
I. INTRODUCTION
The Stern-Gerlah experiment gives an experimental
evidene of the quantum nature of the spin of a partile.
When a beam of spin 1/2 partiles, in the eigenstate |+〉
of Sx, goes through a variable magneti eld in the zˆ
diretion and the outoming partiles are deteted on
a sreen, we observe the presene of two distint peaks
orresponding to the spins in the positive and negative zˆ
diretion.
Moreover, besides giving an evidene of the spin quan-
tization, this example is onsidered the paradigm of the
measurement proess. The beam goes into the magnet
in a pure state, for example, the eigenstate |+〉x of Sx,
and as far as the measurement of Sz is onerned it is de-
sribed as a superposition of the eigenstates of Sz. Later,
as a result of the measurement proess, the quantum
state ollapses into one of the eigenstates of the latter.
A question that arises is: ould we get the initial pure
state of the system if we reombine the two beams from
the Stern-Gerlah experiment?
This idea of the reombination of the beams, through
the so-alled Stern-Gerlah Interferometer(SGI), is an old
one, but has always been treated in a qualitative way [1℄.
One of the rst quantitative studies was presented in a
series of three artiles [2, 3, 4℄, in whih the authors ex-
amined the possibility of reombination and onluded
that the preision of ontrol of the magneti eld is of
fundamental importane to the reonstrution of the ini-
tial pure state. However, in those artiles the authors did
not take into aount the origin of the magneti eld and
its possible soures of utuations.
In a more reent study [5℄ this problem has been revis-
ited and the quantum nature of the magneti eld taken
into aount. However, only the oupling of the uniform
part of eld to the spin of the partile has been onsid-
ered and the eets of its utuations on the spatial part
∗
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of the wave funtion have been disregarded.
In another manusript [6℄ a model for a dissipative
Stern-Gerlah experiment was proposed without expliit
referene to the origin of the utuations. It basially
dealt with a Stern-Gerlah apparatus inside a dissipative
medium and, besides, did not onsider the reombination
proess.
In this manusript we intend to make a fully quantum
desription of the magneti eld and study the eets
of its unavoidable utuations in the spatial part of the
wave funtion. We also pay speial attention to the origin
of these utuations by presenting a model where the
magneti eld is generated by a pair of SQUIDs where the
magneti ux is known to obey a Langevin equation. We
will be only interested in the spin oherene that an be
measured through the mean value of Sx and arises from
the o-diagonal terms of the redued density operator of
the system in the spin spae.
Another point that is worth mentioning here is the fat
that we will be aiming at a problem quite dierent from
the standard one in the area of dissipative systems. Usu-
ally people want to get rid of deoherene for marosopi
quantum mehanial variables whereas we will try to in-
rease the eet of deoherene on a mirosopi variable.
The reason for this is to fully test the existing theory of
deoherene as unequivoally due to the soures of noise
and/or dissipation known to be oupled to the system.
The paper is organized as follows: in Se. II we present
a model for the SGI where the magneti eld is generated
by a pair of SQUIDs. In Se. III we evaluate the dynam-
is of the redued density operator in the spin spae using
the Feynman-Vernon path integral approah. In Se. IV
we analyze the oherene revival in the SGI. Finally, we
summarize our results in Se V.
II. THE STERN-GERLACH
INTERFEROMETER
The SGI an be divided in two parts: the rst one is
responsible for separating the beams and the seond one
for reombining them. We will follow the basi model and
2Figure 1: Loss and revival of oherene in a SGI without
utuations.
approximations of [2℄, onsidering that the beams split in
the zˆ diretion due to the magneti eld gradient whih
also points along this diretion. As referred to a given
origin, half way from two spei magnets (see arrange-
ment below), the magneti eld should depend on y in
an anti-symmetri way to enable a perfet reombination
of the two beams. In order to solve the problem we will
onsider that the veloity in the yˆ diretion is onstant
whih allows us to replae its position dependene by a
time dependene.
Our model Hamiltonian is
H =
p2
2m
− σzf (t) z , (1)
where f (t) = µ∂B/∂z and µ is the magneti moment
of the partile. Here we are not onsidering the uniform
part of the magneti eld that is only responsible for the
preession the spin about the zˆ diretion and has already
been treated in [5℄.
For a perfetly noiseless anti-symmetri eld with a
pieewise onstant gradient we observe loss and revival
of the spin oherene through the behavior of the o-
diagonal elements of the redued density operator in the
spin spae, as shown in Figure 1. There, T is the exper-
iment time and the revival in the middle of the experi-
ment is due to the reombination of the wave pakets in
the momentum spae. The vertial lines show four dif-
ferent regions of a SGI. In the rst part the beams are
aelerated in opposite diretions along zˆ. The seond
and third parts are due to the empty interval between
the magnets where the diretion of the aeleration for
eah beam suddenly hanges. In the last part the aeler-
ation of eah beam returns to its original value and they
are nally reombined as they emerge from the set up.
We now introdue the utuations of the magneti eld
to the problem. In order to do this we will onsider a
SGI where eah of the two magnets is formed by a pair
SQUIDs arranged as shown in gure 2 . With this model
we obtain a eld onguration very similar to that pro-
posed in [2℄ and desribed above.
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Figure 2: Lateral view of the proposed apparatus for the ISG and the magneti eld lines in a frontal view.
The total ux inside a SQUID has its dynamis de-
sribed by the model Hamiltonian given by [7℄
Hsq+osc =
P 2φ
2C
+
Φ′2
2L0
+
∑
k
[
Pk
2
2mk
+
mkω
2
k
2
(
xk +
Ck
mkω2k
Φ′
)2]
, (2)
with the spetral funtion J (ω) =
pi
2
∑
k
C2k
mkωw
δ (ω − ωk) = ηω. Here Φ′ is the utu-
ation about one of the many metastable ux values
at zero external eld. We are onsidering that there
is no tunnelling or thermal ativation of the ux
variable to its neighboring minima. Thus, the ux is
osillating around a loal minimum lose to nΦ0 and
L0 = [1/L+ 2πi0/nΦ0]
−1
is an eetive indutane,
that arises from a seond order expansion around the
minimum of the eletromagneti potential energy. i0 is
the ritial urrent for the SQUID. For this approxima-
tions to be valid we should be sure that we have many
minima, in other words: 2πi0L/Φ0 ≫ 1 . As a matter
of fat we shall assume that eah SQUID is arrying
a persistent urrent orresponding to the metastable
3minimum at n = 1.
Here, it should be emphasized that we are only taking
into aount the parameters of one single SQUID of eah
pair, say, the smaller one. Operationally it means that
the partile trajetories are always lose to that same
iruit over half of the experiment time. In the seond
half of the experiment the same applies to the seond
pair of SQUIDs. The presene of the larger SQUID in
eah pair is only to mimi the eld lines of a usual Stern-
Gerlah apparatus. We believe that this requirement an
be dropped at the expense of using eetive parameters
for the oupled SQUIDs in a Hamiltonian of the same
form as (2).
Therefore, we are dealing with a partile oupled to a
magneti eld that is produed by a ux whih, on its
turn, is oupled to a bath of harmoni osillators. Now
if we write the magneti eld in terms of the ux we will
have the partile indiretly oupled to the bath through
the ux. This an be done if we write Φ = B (z)A (z)
where B (z) is the magneti eld at z as seen by the
partiles whereas A (z) is an eetive area rossed by
the eld lines through whih the magneti ux is exatly
given by the total value of Φ inside the ring. Sine the
latter does not depend on z we have
B (z)
∂A
∂z
+A (z)
∂B
∂z
= 0 , (3)
that an be manipulated to give
∂B
∂z
= a (z)Φ , with a (z) =
1
A (z)2
∂A
∂z
. (4)
Using of the last expression, the total Hamiltonian
reads
Hpart+sq+osc =
P 2
2m
+ ǫσznΦ0z + ǫσzΦ
′z +
P 2φ
2C
+
Φ′2
2L0
+
∑
k
[
Pk
2
2mk
+
mkω
2
k
2
(
xk +
Ck
mkω2k
Φ′
)2]
,
(5)
with ǫ = µa .
Now we have the partile oupled indiretly to the bath
of osillators. Following the presription of [8℄ we an
eliminate the ux variable in the Hamiltonian and write
a new one where the partile is oupled diretly to new
osillators with an eetive spetral funtion. The new
Hamiltonian is
H˜ =
P 2
2m
+σzf0z+
∑
k

 P˜k2
2m˜k
+
m˜kω˜
2
k
2
(
x˜k +
C˜k
m˜kω˜2k
σzz
)2
(6)
For an original Ohmi spetral funtion, whih is
known to hold for SQUIDs, we obtain the following ef-
fetive spetral funtion:
Jeff (ω) = ηω
1 +
(
ω
Ω
)2
+
(
ω
Ω′
)4 (7)
with η = ǫ2L20/R, Ω = 1/
√
L20/R
2 − 2CL0 and Ω′ =
1/
√
CL0. Here R and C are, respetively, the resistane
and apaitane of the juntion of the SQUID. The ef-
fetive spetral funtion is Ohmi with a new uto fre-
queny given by the minimum of Ω and Ω′.
For typial SQUIDs we have the following values:
C ∼ 10−12F, L ∼ 10−10H, i0 ∼ 10−5A, and R ∼ 1Ω. To
obtain a (z) we will suppose a SQUID with dimensions
of
(
10−5 × 10−3)m2 and will estimate the total ux us-
ing the eld in the middle of two innite wires whih is
multiplied by the area of 10−8m2. Comparing this with
the ux at a distane z we an obtain an expression for
A (z) and then estimate a (z). For z = 10−3m we have
a (z) = 1013m−3. These speiations for the apparatus
give L0 ∼ 10−10H and η = 10−40Kg s−1. For ooper
atoms, m = 1, 8 × 10−25kg, the relaxation time, γ−1, is
of the order of 1015 seonds.
We end this setion with this proposal for a model for
the SGI that inorporates unavoidable soures of utu-
ations of the magneti eld. In our model these utua-
tions are modelled by a oupling to a bath of osillators
following [7℄. Now we have to evaluate the redued den-
sity operator of the system in the spin spae to see the
behavior of the spin oherene through its o-diagonal
elements.
III. THE REDUCED DENSITY OPERATOR
Our model of a pair of SQUIDs generating the mag-
neti eld for the SGI obeys the following Hamiltonian
H = H0 +HI +HR, (8)
with
H0 =
p2
2m
+ σzf0 (t) z , (9)
HI = σzz
∑
k
Ckxx and (10)
HR =
∑
k
[
p2k
2mk
+
mkω
2
k
2
x2k +
C2k
2mkω2k
(σzz)
2
]
.(11)
It desribes the dynamis of a partile submitted to a
linear potential and also oupled to a bath of osillators
both in a spin dependent way. The problem of a partile
in a linear potential and oupled to a bath of osillators
has already been treated in the literature and the only
dierene here is the spin dependene that was absent in
[6℄. However, sine we have only one spin operator in (8)
it ats as a parameter in our problem and we will use a
4slightly modied Feynman-Vernon formalism to solve it.
We are not going to show all the details, of the alulation
for whih the reader should onsult [7, 9, 10℄.
For separable initial onditions, where the inter-
ation between the system and the bath is turned
on at t = 0, one has 〈x′R′S| ρ (0) |y′Q′S′〉 =
〈x′S| ρ1 (0) |y′S′〉 〈R′| ρ2 (0) |Q′〉 and the four elements of
the redued density operator of the system in the spin
spae are written as
ρss′ (x, y, t) =
∫ ∫
dx′dy′Jss′ (x, y, t;x
′, y′, 0) 〈x′S| ρ1 (0) |y′S′〉 ,
(12)
with
Jss′ (x, y, t;x
′, y′, 0) =
∫ ∫ ∫
dRdR′dQ′Ks (x,R, t;x
′,R′, 0) 〈R′| ρ2 (0) |Q′〉K∗s′ (y,R, S′, t; y′,Q′, 0) (13)
whih propagates the redued density operator in time.
In this expressions R,R′,Q′ are arbitrary ongurations
(N-dimensional vetors) of the bath of osillators. Within
the path integral formalism it is written as
Jss′ (x, y, t;x
′, y′, 0) =
∫ x
x′
Dx (t′)
∫ y
y′
Dy (t′) e
i
~
(
Ss0[x(t
′)]−Ss
′
0 [y(t
′)]
)
Fss′ [x (t
′) , y (t′)] (14)
with
Fss′ [x (t
′) , y (t′)] =
∫ ∫ ∫
dRdR′dQ′ρ2 (R
′,Q′, 0)
∫ R
R′
DR (t′)
∫ Q
Q′
DQ (t′)
×e 1~
(
SsI [x(t
′),R(t′)]−Ss
′
I [y(t
′),Q(t′)]
)
e
1
~
(
SsR[R(t
′)]−Ss
′
R [Q(t
′)]
)
(15)
being the so-alled inuene funtional, whih ontains
all the inuene of the bath on the system. It has been
evaluated before [9℄ and the resulting expression is
Fss′ [x (t
′) , y (t′)] = e−
1
~
Φss′ [x(t′),y(t′)] , (16)
in whih
Φss′ [x (t
′) , y (t′)] =
im
2
[Sx (0)− S′y (0)]
∫ t
0
dt′ γ (t′) [Sx (t′)− S′y (t′)] +
+
im
2
∫ t
0
dt′
∫ t′
0
dt′′ [Sx (t′)− S′y (t′)] γ (t′ − t′′) [Sx˙ (t′′) + S′y˙ (t′′)] +
+
∫ t
0
dt′
∫ t′
0
dt′′ [Sx (t′)− S′y (t′)]αR (t′ − t′′) [Sx (t′′)− S′y (t′′)] , (17)
with
γ (t) =
2
mπ
θ (t)
∫ ∞
0
J (ω)
ω
cosωt dω (18)
5and
αR (t
′ − t′′) = 1
π
∫ ∞
0
J (ω) coth
(
~ω
2KT
)
cosω (t′ − t′′) dω .
(19)
All we have to know is the spetral funtion of the
bath,
J (ω) = π
2
∑
k
C2k
mkωk
δ (ω − ωk) ,
that ompletely haraterizes it. In our proposed model
we have an Ohmi ase, eq [7℄, given by
J (ω) =
{
ηω for ω < Ω
0 for ω > Ω
(20)
where we have introdued a uto frequeny Ω. With
this we obtain
Jss′ (x, y, t;x
′, y′, 0) =
∫ x
x′
Dx (t′)
∫ y
y′
Dy (t′) e
1
~
βss′ [x(t′),y(t′)]
(21)
with
βss′ [x (t
′) , y (t′)] = i
∫ t
0
dt′
[m
2
(
x˙2 − y˙2)− f0 (t′) (Sx− S′y)− η
2
(Sx− S′y) (Sx˙+ S′y˙)
]
+
−
∫ t
0
dt′
∫ t′
0
dt′′ [Sx (t′)− S′y (t′)]αR (t′ − t′′) [Sx (t′′)− S′y (t′′)] . (22)
Computing the diagonal (S = S′ = ±1) and the o-diagonals (S 6= S′ = ±1) terms we obtain
βd [x (t
′) , y (t′)] = i
∫ t
0
dt′
[m
2
(
x˙2 − y˙2)∓ f0 (t′) (x− y)− η
2
(x− y) (x˙+ y˙)
]
+
−
∫ t
0
dt′
∫ t′
0
dt′′ [x (t′)− y (t′)]αR (t′ − t′′) [x (t′′)− y (t′′)] (23)
and
βod [x (t
′) , y (t′)] = i
∫ t
0
dt′
[m
2
(
x˙2 − y˙2)∓ f0 (t′) (x+ y)− η
2
(x+ y) (x˙− y˙)
]
+
−
∫ t
0
dt′
∫ t′
0
dt′′ [x (t′) + y (t′)]αR (t
′ − t′′) [x (t′′) + y (t′′)] . (24)
So we have a dierent dynamis for the diagonal and o-
diagonal terms. Dening new oordinates q = (x+ y) /2
and ξ = x− y we deouple the x (t) and y (t) trajetories
and get
Jd(od) (q, ξ, t; q
′, ξ′, 0) =
∫ q
q′
Dq (t′)
∫ ξ
ξ′
Dξ (t′) (25)
e
1
~ [iβ
′
d(od)−β
′′
d(od)]
with
β′d =
∫ t
0
dt′
[
mq˙ξ˙ − ηξq˙ ∓ f0 (t′) ξ
]
, (26)
β′′d =
∫ t
0
dt′
∫ t′
0
dt′′ ξ (t′)αR (t
′ − t′′) ξ (t′′) , (27)
β′od =
∫ t
0
dt′
[
mq˙ξ˙ − ηξq ∓ 2f0 (t′) q
]
(28)
and
β′′od = 4
∫ t
0
dt′
∫ t′
0
dt′′ q (t′)αR (t
′ − t′′) q (t′′) . (29)
Evaluating the integral in the usual way we expand
it about the lassial trajetory and solve the remaining
funtional integral to obtain
Jd(od) (q, ξ, t; q
′, ξ′, 0) = e
1
~ [iβ
′ class
d(od) −β
′′ class
d(od) ]G (q, ξ, t; q′, ξ′, 0)
(30)
with
G (t) =
mγeγt
2π~ sinh γt
, (31)
6β′ classd = ξqL− (t) + ξ
′q′L+ (t)− ξq′N (t)
−ξ′qM (t)∓X (t) ξ ∓ Z (t) ξ′ , (32)
β′ classod = ξqL− (t) + ξ
′q′L+ (t)− ξq′M (t)
−ξ′qN (t)∓ 2X (t) q ∓ 2Z (t) q′ , (33)
β′′ classd =
1
2
[
ξ2A (t) + 2ξξ′B (t) + ξ′2C (t)
]
, (34)
and
β′′ classod = 2
[
q2A (t) + 2qq′B (t) + q′2C (t)
]
. (35)
In the above expressions we have used ξ (0) =
ξ′, ξ (t) = ξ and the same notation holds for q. We have
also dened the following funtions
A (t) =
e−2γt
sinh2 γt
∫ t
0
dt′
∫ t
0
dt′′ eγ(t
′+t′′) sinh γt′
×αR (t′ − t′′) sinh γt′′, (36)
C (t) =
1
sinh2 γt
∫ t
0
dt′
∫ t
0
dt′′ eγ(t
′+t′′) sinh γ (t− t′)
×αR (t′ − t′′) sinh γ (t− t′′) , (37)
B (t) =
e−γt
sinh2 γt
∫ t
0
dt′
∫ t
0
dt′′ eγ(t
′+t′′) sinh γt′
×αR (t′ − t′′) sinh γ (t− t′′) , (38)
L± (t) = mγ [coth (γt)± 1] , (39)
N (t) = mγ
e−γt
sinh γt
, (40)
M (t) = mγ
eγt
sinh γt
, (41)
X (t) =
e−γt
sinh (γt)
∫ t
0
dt′ f0 (t
′) eγt
′
sinh γt′ , (42)
and
Z (t) =
1
sinh (γt)
∫ t
0
dt′ f0 (t
′) eγt
′
sinh γ (t− t′) . (43)
For an initial Gaussian paket entered at the origin,
ψ (x) =
1√√
2πσ
e−
x2
4σ2 , (44)
we have
ρ (q′, ξ′, 0) =
1√
2πσ2
e−
q′2
2σ2 e−
ξ′2
8σ2 . (45)
The diagonal element of the redued density operator
for the system beomes
ρd (q, ξ, t) =
√
π
a
G (t) exp
{
− M
2
4a~2
(
q ∓ Z
M
)2
− ξ2
[
1
2
A
~
+
N2σ2
2~2
− 1
4a~4
(
σ2NL+ − ~B
)2]
+
+
i
~
[
L− − M
2a~2
(
σ2NL+ − ~B
)]
qξ ± i
~
[
X +
Z
2a~2
(
σ2NL+ − ~B
)]
ξ
}
(46)
with
a =
1
~2
(
L2+σ
2
2
+
~C
2
+
~
2
8σ2
)
, (47)
whereas the o-diagonal element is
7ρod (q, ξ, t) = G (t)
√
π
a
exp
{[
−2σ
2N2
~2
(
1− σ
2L2+
2a~2
)
+
2
~
(
B2
2a~
−A
)]
q2+
+
i
~
[
(ξM ∓ 2Z)
[
B
2a~
− σ
2NL+
2a~2
]
+ (ξL− ± 2X)
]
q +
− (ξM ∓ 2Z)
2
16a~2
− 2σ
2L+NB
a~3
q2
}
. (48)
So we have obtained an analytial expression for the re-
dued density operator of the system in the spin spae,
when the initial spatial part of the wave funtion is a
Gaussian entered at the origin. Now we are going to
analyze this result.
IV. SPIN COHERENCE IN THE SGI
The positions of the enter of the pakets are given by
the probability density
ρd (q, 0, t) =
1√
2πσ˜ (t)
exp− 1
2σ˜ (t)
2
[
q ∓ Z
M
]2
, (49)
with
σ˜ (t) =
~
√
2a (t)
M (t)
. (50)
So, as expeted, we have a Gaussian paket with width
σ˜ (t) whose enter is desribed by
z (t) =
Z (t)
M (t)
=
1
2mγ
∫ t
0
dt′ f0 (t
′)
(
1− e−2γ(t−t′)
)
,
(51)
whih is the lassial trajetory of a partile subjet to a
fore f0 (t) and to the visous fore ηv.
To see how pure the state is as it evolves in the SGI we
will investigate the o-diagonal elements of the density
operator in the spin spae. In the high temperature limit,
KT ≫ ~γ, the funtions A (t), B (t) and C (t) an be
easily evaluated and yield
ρod (t) = h (t) exp
{
− 1
a′~2
[
Z
(
B
2a~
− σ
2NL+
2a~2
)
−X
]2
−1
2
(
∆z˜
σ˜ (t)
)2}
(52)
with
h (t) =
M (t)
2~
√
a (t) a′ (t)
and (53)
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Figure 3: Behaviour of the exponent of (53), showing the
possible reovery of oherene. T , the experiment time, is
here of the order of 10−9s.
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Figure 4: Fator h (t) showing the irreversible loss of oher-
ene. T is the same as above.
a′ (t) =
2σ
2
N2
~2
(
1− σ
2L2+
2a~2
)
− 2
~
(
B2
2a~
−A
)
+
2σ2L+NB
a~3
. (54)
In the non-dissipative limit, γ → 0, h (t) goes to one
and the exponential reovers the non-dissipative expres-
sion for the redued density operator. Therefore, we an
say that the irreversible loss of oherene is in the fator
h (t). In gures 3 and 4 we show the qualitative behavior
of the exponential term and the h (t) fator.
In these graphs we an see that the reombination
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Figure 5: Behaviour of the non-diagonal element in the spin
spae.
ould lead to a revival of oherene, but h (t) ontinually
dereases whih makes this revival negligible as shown in
gure 5, where, in the end, we have only 20% of oherene
left.
Despite the qualitative nature of the graphs, we an
say that in order to have a signiant revival of oher-
ene the time of the experiment should be muh shorter
than the deoherene time, whih an be extrated from
the expression for h (t). Sine this expression is very um-
bersome, we have to do it graally.
For the proposed model of a magneti eld generated
by a pair of SQUIDs with dimensions of mirons, we ob-
tained γ−1 = 1015s. These values and the other parame-
ters already used give us the deoherene time, τ , of 105s
for temperatures lose to 0.1K.
In the usual Stern-Gerlah experiment the partiles
have veloities of about 1000m/s that give us an intera-
tion time of the order of 10−6s, whih is smaller than the
deoherene time. So, for partiles with veloities of the
order of 1000m/s deoherene an not be observed and
will not be important in the SGI. Therefore, in order to
ontrol the spin oherene time in an observable way we
should use SQUIDs of smaller dimensions whih will fur-
nish us with shorter relaxations times. Larger SQUIDs
would only make matters even worse.
Although we have only stressed the possible eet of
eld utuations on the reombination one should bear
in mind that the perfet reombination is by itself a very
diult task to perform.
V. SUMMARY
In this work we have investigated the eet of spin
oherene, disussing experiments with beams of parti-
les subjet to magneti elds. We have extended the
analysis of the Stern-Gerlah interferometer adding un-
avoidable utuations of the magneti eld through the
oupling of the system to a bath of harmoni osillators.
The introdution of these utuations adds a fator to
the o-diagonal elements of the redued density operator
in the spin spae that deays in a time τ , the deoherene
time. However we have shown that even for a very noisy
environment provided by partiularly hosen parameters
for a SQUID the deoherene time is still extremely long
ompared to the experiment time.
When the magneti eld is generated by our proposed
mirometri SQUID, we observed that dissipative eets
are not important when the partiles veloities are of the
order of 1000m/s. We believe that hanging the SQUID
parameters it will be possible to observe the loss of spin
oherene by reduing the SQUID size. In this ase we
will have a model of a reservoir for a genuine mirosopi
quantum mehanial variable whih, in our ase, is the
magneti moment of an atom!
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